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.

Thisreportdescribestheresultsofmcialfatiguetestsconducted
onO.032-inch-thickflat-sheetspecimensofbareandalclad2@-T3 a.lumi- “
numalloyto determinetheeffectoffrequencyof loadlngonthefatigue
strengthsofthesematerials.Thenumberof cyclesto failurevaried
fmm about150to over10,000,000.Testswereconductedusingcom-
pletelyreversedaxialloadattwofrequenciesof loading:12and
1000cyclespr minute. ,

Thetestsshowedthatthefatiguestrengths-ofthematerielswere
slightlylesswhentestedat12 cyclesperminute.

.
Forthosespecimenswhichwerestressedintotheplasticrangean

investigationwasmadeofthevariationofmaximumstressesand~~
stresseswithrepeatedloading.

INTRODUCTION

Laboratoryfatiguetestsofmaterialsareusuallyconductedatas
highspeedas ispracticable.Thetestsreportedinreference1 were ,
madeonhigh-strengthaluminumalloysofEuropeanmanufacturetested
by therotating-beammethodatfrequenciesof 3000to 10,000cycles

. .

perminute,andtheresultsshowa negligibledifferencein-the
S-Ncyrvesofthesematerialsforthesefrequencies.Reference2 con-.
eludesthatthereisnoeffectonthefatiguestrengthofX’76S-Talumi-
numalloyforspeedsoftestingbetween1750and13,000cyclesperminute.
However,FreudenthalandDolan(reference3)pointoutthatonmetals
whichhavea lowmeltingpointtherehavebeenobservedappreciable
reductionsin.theirendurancelimitsunderveryslow
(reference4)andthatthisphenomenonhasalsobeen

“ extenton steel(reference5).
..

,

repetitionof
observedtoa

load
lesser

.
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2 NACATN 2231

Noneoftheworkcitedforaluminumallqvswasdoneat extremely
lowfrequencies,anditwasfeltthatthepresenceofa softcladding
ona materialmightreduceitsfatiguestrengthforlow-freqyency
loading.Prel~ testsmadeat theNationalBureauofStandards

+loy sheetindicatedthattherewassomeon2&T3 alcladaluminum
reductioninthefatiguelifewhenthefrequencyofloadingwasvery

t low(i.e.,7 cpm).Itwasthereforedecidedto conducta seriesof
testson0.032-inch-thick211S-T3aluminum-alloysheet,bothbareand
alclad,toascertainwhetherthefrequencyeffectwassignificantfor
thesematerials.

Thepresenttestswerecarriedout”forstressesinboththe -
elasticandplasticregions.The xumiberof cyclestofailurevaried
fromaboutlx to over10,000,000.Withthetypeofmachineusedfor
thesetests,plasticyielding,work-hardening,andtemperaturechanges
causedvariationinthemagnitudeofthelaads.This resultedin
partitionsofmaximum,aswellasmean>stressesinthespecimens.

Theworkdescribedinthisreportwasconductedat theNational
BureauofStandardsunderthesponsorshipandwiththefinancial
assistanceoftheNationalAdvisoryCbmmitteeforAeronautics.

.

SPECIMENSANDTESTS

.“

Figure1 showsthedimensionsofthespecimensandtable1 shows
.

themechanicalpropertiesofthematerialsusedinthefatiguetests.
Thespecimensweremachinedfrom0.032-inch-thicksheetandweretested
inthelever-t~machinedescribedas=cMne ~ inreference6. In
thismachinetheloadona specimenismeasuredlymeansofelectric
straingageslocatedontheloadingleverofthemachineat diametri-
callyoppositepoints.Theloadisvariedbydrivingtheendof.the
leverwithan eccentric.Theflexibilityoftheleveris suchthat
about90percentofthedisplacementoftheendoftheleverisdue
totheflexingoftheleveritselfwhiletheremaining10percentis
duetothedeformationofthespectien.Figure2 showsa spectien
clampedinthespecialsteelguideusedtopreventbuclilingofthe
specimensundercompressiveload.Theseguidesme similartothose ‘
describedinreference7.

EarlierlaboratorytestsmadeattheNationalBureauofStandards
showedthatspecimensrunat about7 cyclesperminuteatmaximumstresses
ofabout*~,000psifailedatanaverageof10,000cycles.Shilar
spechens
failedat
ofcycles

.

~ at 1000cyclesperminuteat aboutthesamemaximumstresses ,
anaverageof18,OOOcycles,almost”twicetheaveragenudber
requiredto.~oducefailureata frequencyof loadingof

●
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7 cyclesperminute.Figure3 showsthesedata.Theaveragevalues
showninfigure3 wereobtainedby averagingthevaluesof stressand
nuniberof cycles.

Theinitialmaximumvaluesofthetensionandcompressionstresses
onthespecimenswereadjustedby successiveapproxhationsuntilthe
meanstresswaslessthan*0.5percentofthemaximumstresses.For
specimenstestedwithmaximumstressesbelowt43,000psino difficulty
wasencounteredinkeepingthemeanstressbelowtO.5percentofthe
msxhmmstresses.Formaximumstressesabove*43,000psiitbecamemore
difficultto obtainan initialmeanstresslessthan*O.5percentof
themaximumstresses,anditwasobservedthatthemaxhumtensileand
compressiveloadsvariedduringthetest. Themeaspredmsximumstresses
duringtheearlypartoftestsmadeontwospecimensareshowninfig-
ure4. Figure5 showsthevariationinthecalculatedmeanstressduring
thesetests.Thecurvesoffigure5 wereplottedfromthemeasuredmaxi-
mumstresses(fig.4)withthemeanstressdefinedashalfthealgebraic
sumofthemaximumstresses.Fortheseteststhemaximumspeedwasabout
1000cyclesperminute,althoughthenumberofcyclesrunbetweenload
measurementswassosmallthatthemachineusuallywasacceleratingor
deceleratingduringtheruns.

Itwasconcludedthatplasticflowofthespecimenshadcaused
thevariationinthemeanandthe~inmlmstressesandthata-newtech-
niquewouldhavetobe devisedto obtainzeromeanstressona s~ci-
menbeforestressingintheplasticrange.To accomplishthis,the
displacementoftheleverat thecrankendwasmeasuredwitha dial
indicator,andtheleverwasplacedwithin0.001inchoft~ center
ofitsstrokebeforeclampingthespectin.However,itwasfound
that,becAuseofthedifferenceinthetensionandcompressionstress-
straincurvesathighstressesof2&-T3aluminumalloy,theleverhad
tobe setsomewhatonthetensionsideofthecenterbeforethespeci-
menwasfinallyclam~d. Thismethodofestablishingtheloadsonthe
specimenswhosemsximumstressesweregreaterthan*43,000psiproved
satisfactoryifthecompressionloadwasalwaysappliedto thes~ci-
mensfirst.

To insuresimilaramountsof creepfromspecimento spechen
duringinitialsettingunderhighstress,themaximumloadswere
measuredaftertheyhadbeenmaintaine~onthesycimensfor30 seconds.
Themaximumstresseswerealsomeasuredafterthespecimenshadbeen
testedtoaboutone-halftheirfatiguelives.

.
Forty-oneqecimensofbare2*-T3 aluminumalloyweretestedat

1000cyclesperminutewithinitialmaximumstressesoff’rom324,800to
+61,8Q0psi. Twelvesimilarspecimensweretestedat 12cyclesper
minutewithinitialmaximumstressesoffrom*~OjlOOto*60,300psi.

— ..—. — .—-. —--- . —.- -..--..-, y———.. ..--.. -,,----- -=-—-—— ——.— - —--
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Thirty-sixspecimensofalclad2kS-T3aluminumalloyweretested
‘ at 1000cyclesperminutewithinitial.maximumstressesrangingfrom
*11,”300to t59,400psi..Sixteensimilarspecimenswererunat 12 cycles
perminutewithinitial-maximums~ressesfrmn+d6,800to*58,300psi.

Forallcasestheinitialmeanstresswaslessthan2 percentof
theaverageoftheabsolutevaluesoftheinitial.maxhumstre”sses.For
thosecaseswherethemaximumstresseswerebelow*43,000psitheinitial
meanstresswaslessthan0.5percentofthe averageoftheabsolute
valuesoftheinitialmaximumstresses.

Stress-straincurvesintensionand
waspsxallelto theM.rectionofro~”ing
(Seefig.6.)

compressioninwhichtheload
weremadeforbothmaterials. .

RESULTSOFTESTS

Themeasurementsof stressvariationmadeon20typicalspecimens
whoseinitialmaximum-stressvalueswereabuve*43,000psiaregivenin
table2. Thesemeasurementsincludetheinitialmeasuredmaximumtensile
andcompressivestresses,onthespecimenstheinitialcalculated.mean
stress,thenumberofcyclesappliedtothespecimensbeforethesecond
stressmeasurementsweremade,themeasuredvaluesofthesecondsetof
maximumstressesandcalculatedmeanstresses,andthefatiguelivesof
thespec~ns. It isseenthatthechangeinthemeanstressesvaried
from0.2percentoftheaverageoftheabsolutevaluesoftheinitial
maximumstressesforspecimen3 tomorethan5 percentforspecimen75,
withtheaveragechangeforallspechms be& 2.0percent.Thechange
inthestressamplitude(i.e.,theaverageabsolutevaluesofthemaximum
stresses)variedfromapproximately0.1percentforspecimen42to
7.8percentforspecimen45,withthe.averagechangeinthestressampli-
tudeforallspecimensbeing3.6percentoft% averageoftheabsolute
valuesoftheinitialmaximumstresses.

. .

Figures7 and8 showS-Ncurvesofthealcladandbare2kS-T3
aluminum-alluys~cimenstestedat1000cycle%perminute.The
resultsobtainedforthesematerialstestedat12 cyclesperminute’ .
aresuperposedonthesefiguresforcomparison.Figure7 contains,
inaddition,theaveragesofthedataobtainedfrbmearliertests
conductedonalclad2kS-T3aluminumalloy,t~t is,theaveragesof
thedatashowninfigure3. Thevaluesof stressplottedinfigures7
and8 aretheaveragesoftheabsolutevaluesoftheinitialmaximum
tensileandcompressivestresses.”FYomthecurvesfairedthrough
thedatameasuredat1000cyclesperminuteshowninfigures7 and8,

. . . --- --, ----- . ;.-.--,-.-- ... 7-- .,- . . ..— --- -.—— . .
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itcanbe seen
minutetendto
at
in

1000cycles

that

fall
theresultsofthetestsmadeat 12 cyclesper
towardtheleftedgeofthescatterofthosemade

perminute.Thedatas~wn infigure3,whenplotted
figure7, fallwithinthescatterofthedataof figure7.

CONCLUSIONS

l’heresultsof fatiguetestsonbareandalclad”2~-T3aluminum-

5

alloyspecimensmadeat 12and1000cyclesperminuteindicatedthat:

1.Thefatiguestrengthsofbothmaterialswereslightly-lower
at thefrequencyof12 cyclesperminute.

2.A quantitativeestimateoftheeffectoflow-frequency
loadingonthefatiguestrengthsofthesematerialscannotbemade
becausetheeffectsaresmallcomparedwiththeobservedscatter.

NationalBureauofStandards
‘ Washington,D. C.,Deceniber19,1949
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Alclad
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.

TABLE1.-’MECHANICALPROPERTIESOF

Young’smodulus -
(psi)

TensionICompres-sion

.0.7x 10610.6x 106

,0.2 10.3

0.2-percent-offset
yieldstrength

(

Tension

3i )

Compres-
sion

46,000

46,400

Ultimatestrength
(psi)

Tension

73,600

67,400

X3npres-
sion

----

----

.
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InitialEbesnes

(psi)b - Mtm a~tew Haanstress at

maan sham Oyclm tia half life ,
Spec*n

asm&=&4 -B

(~;) mS@&&lY (pBi)b -
Temian CanprenniOn

(1) (1) Tension Ccmp’esnkm
(~;) g Tak~

(1) (1)

2ara 242-T3 tented at lfW3cycles per minute

IQ 44,&Jo
16

44,64!0
44,4W

13,&lo
hk,l’oo -1; 13,6!)0 Hx% %?% ~ 2;%

4g,m 49,590 -m
: 49,90U

%

3,W5 51,400 51,*
$m” -lem 3,93’3

%,mo
!%!,603 % 2;%$

d
+WJ

56:%
950 %% Q%?o

56,w0
-1,950 !2,270

-lx 950 57,tao 6$?,200 -2,300 2,469

Bare242-T3t.astaaat M?Cyclespm’miauta

2 58,WI 59,XW -ml 63,500
5

63,aca
53,2Q0 Ld%

-Mm
54,400 .-603

47,WI 47,100
93,800 55J?CI0 -l,CQO 1,%

x +W 2,90 48,700 4’5,300 +1,703 5,190

Alc.lad242-T3tentedat lCW qclee per mllllte

43,100 43,W3 +50 6,5xM 45,700 . ti,yxl +2,100 13,670
2 43,EC.O
36

6,@m 44,403 42,&lo 16,axI
‘2$% 47,500
46,9C0 47,W0

-$ 3,200 46,W.3
-4%

50,000 -1,8X

:
46,JICI0

Sl,loil
46,200

- ~l,loo
-w 2;%

~ ?E
75 21,1.00 50,600

%,SQO 51,400 +750 6,XQ

71
5W0 %% - ii

3,420 yj,loo 49,300
54,EAI0

t2*w 6,6w

50
790 5e,2al 58,400 -1(N Q,y.o
7ea 59,700 y,mo +1,250 2,030

Alclna24W!3taatedB*E cyclespmminute“

49 77,400 59,300
45

-950 85 59,7m 63,&o
57,C90 57,%30

-2,~
@,m 63,200

650

20 53,=0 5Q,400 i%
-l,za m

$$? 5s,~ 5-s,000 -403 1,710
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Figure1.-Fatigue Thickness
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